INTRODUCTION
============

Throughout the last decade, the number of video-assisted thoracic surgeries (VATS) has increased rapidly \[[@B1]-[@B3]\]. In patients with early stage lung cancer, lobectomy done by using a thoracoscope has been universalized. Technical stability has already been proven and the indication for thoracoscopy is diversifying \[[@B4]-[@B10]\]. However, some researchers have questioned the safety and feasibility of thoracoscopy performed in patients with lung cancer \[[@B11]-[@B14]\]. There is some debate regarding recurrence and survival rates after thoracoscopic lobectomy in patients with early stage non-small cell lung cancer \[[@B8],[@B13],[@B15]-[@B19]\]. According to Rueth\'s \[[@B20]\] retrospective results in a study about thoracoscopic lobectomies have done since 1994, post-surgical morbidity and inflammation were lower in patients who had gone through thoracoscopic lobectomy than in patients who had gone through thoracotomic lobectomy. In addition, there was no difference in the 5-year survival rate when comparing the results of thoracoscopic lobectomy with the results of thoracotomic lobectomy. The authors of the present study retrospectively analyzed 1,067 cases of thoracoscopic lobectomy and their indications, conversion rate to thoracotomy during surgery, postsurgical complications, hospital mortality rate, and postsurgical recurrence and survival rate in order to suggest ways to widen the surgical application of the thoracoscopic lobectomy in the future.

MATERIALS AND METHODS
=====================

This research received approval from the clinic\'s institutional review board. 1,067 patients who had gone through thoracoscopic lobectomy from December 24, 2003, to December 31, 2009, were retrospectively analyzed based on their medical records. Data regarding age, sex, pre-surgical diagnosis, accompanying disease, date of surgery, name of surgery, conversion to thoracotomy, length of hospitalization, pathological diagnosis, presence of complications, adjuvant chemotherapy, follow-up observation period, recurrence, and survival was collected.

Subjects who underwent surgery had lesions that could be excised anatomically and showed reduced pulmonary ventilation on preoperative pulmonary function tests. The subjects\' pulmonary diseases were inflammatory diseases such as pulmonary tuberculosis, empyema, congenital pulmonary disease, primary lung cancer, metastatic lung cancer, and carcinoid tumor. In cases with benign pulmonary disease, lobectomy was performed if the majority of the pulmonary lobe was damaged, or segmentectomy or wedge resection could not be executed due to the proximity of the lesion to the central bronchus or vascular structures. However, thoracotomic lobectomy was performed in cases of CT scan evidence of pleural calcification, severe calcification around pulmonary vessels, or thorax deformation. In cases of non-small cell lung cancer, thoracoscopic lobectomy was executed if the preoperative cancer stage was stage I with no endobronchial lesion, if the tumor was located peripherally, or if the diameter of the tumor was less than 6 cm. In cases with a single metastasis to the brain, gamma knife surgery was performed before lobectomy (5 cases). Pulmonary function testing, CT scanning, and PET CT scanning were done preoperatively. If non-small cell lung cancer was diagnosed pathologically before surgery, mediastinal lymph node biopsies were performed in areas 2R, 4R, 4L, and 7 under mediastinoscopy even if there was no evidence of mediastinal lymph node metastasis. If the patient was incapable of going through neoadjuvant chemoradiotherapy due to underlying disease or old age, lobectomy was executed without mediastinoscopy, even if mediastinal lymph node metastasis was suspected. Patients with no diagnosis of preoperative pathological non-small cell lung cancer underwent thoracoscopic wedge resection, the frozen section was then analyzed, and lobectomy was done if it was diagnosed as cancer. The excised pulmonary lobe was removed from the pleural cavity in a plastic pouch to prevent implantation of cancer cells into the thoracic wall \[[@B19]\]. Mediastinal lymph node dissections were performed after lobectomy in all patients regardless of their clinical stage. In cases involving the right pleural cavity, dissection of the 2R, 3, 4R, 7, 8R, 9R, 10R, and 11R lymph nodes was performed. In cases involving the left pleural cavity, dissection of 4L, 5, 6, 7, 8L, 9L, 10L, and 11L lymph nodes was performed. Adjuvant chemotherapy or radiotherapy was done if the postoperative pathologic stage was more advanced when compared with the preoperative clinical stage. CT scans were done every 3 or 6 months for first 2 years after surgery to check for recurrence. After 2 years, CT scans were done every 6 months or more. All clinical stages or pathological stages of non-small cell lung cancer reported in this research were retrospectively applied according to the 7^th^ lung cancer TNM staging \[[@B21]\] proposed by International Staging Committee (ISC) of the International Association for the Study of Lung Cancer (IASLC).

The authors of this research performed thoracoscopy as follows. After general anesthesia, a 10-mm access port for a thoracoscope was made in the seventh or eighth intercostal space of the mid-axillary line to observe the pleural cavity. Then, a 5 or 10 mm port was made in the seventh intercostal space of the posterior scapular line and a 4 or 5 cm working window was made in the fifth or sixth intercostal space of the mid-clavicular line. Intercostal space was not widened in all cases.

Descriptive statistics were used to collect the statistical data of patients. Continuous variables with a normal distribution are presented with averages and standard deviations. Discrete variables are presented with numbers and ratios. The overall survival period of patients who were still alive was considered to be the period from the date of surgery to either the date of the most recent visit or the last date (March 17, 2010) all living patients were called. If the patient had deceased, the survival period was considered to be from the date of surgery to the date of death. In cases of relapse, the disease free survival period was considered to be from the date of surgery to the date of relapse diagnosis. In cases without relapse, the disease-free survival period was set from the date of surgery to the most recent visit or the date of death. The survival curve was calculated using the Kaplan-Meier method using PASW Statistics 18 (SPSS Inc., IBM, Chicago, Illinois). The log-rank test was used for comparing the survival rates.

RESULTS
=======

From December 24, 2003 to December 31, 2009, 1,067 patients (542 male, 525 female) underwent thoracoscopic lobectomy. The subjects\' diseases included non-small cell cancer (832), carcinoid tumor (12), metastatic lung cancer (48), and other diseases (175) ([Table 1](#T1){ref-type="table"}). The average age was 56.9 years (12\~86 years), and 162 patients (15.1%) were over 70 years old. The median time period from hospitalization to discharge was 6 days (2\~110 days). Most patients had one pulmonary lobe excised, 21 patients went through right upper or lower bilobectomy (1.97%, non-small cell cancer, 19 cases), and one patient had a pneumonectomy. Sixty-three cases (5.9%) converted to thoracotomy during thoracoscopic surgery. Common causes for these conversions were hemorrhage from pulmonary artery branches and difficulties in detaching calcified or fibrous lymph nodes ([Table 2](#T2){ref-type="table"}).

Nine patients (0.84%) died in the clinic after surgery. All of these patients underwent lobectomy because of non-small cell lung cancer and the cause of death was the same for all cases, acute respiratory distress syndrome. Five patients among them had diffuse interstitial pulmonary disease. Complications occurred 162 times in 149 patients (14.0%). The most common complication was continuous air leakage (62 cases) ([Table 3](#T3){ref-type="table"}). The most common pathological stage of non-small cell lung cancer was stage I with 649 cases (77.6%) ([Table 4](#T4){ref-type="table"}). The average follow-up observation period of non-small cell lung cancer patients was 22.9 months. The number of patients with relapse during the follow-up observation period was 120, and 55 of them died. Among patients with relapse, 40 patients had local relapse, 58 patients had remote relapse, and 22 patients had both local and remote relapses ([Table 5](#T5){ref-type="table"}). After surgery, 166 patients underwent adjuvant chemotherapy (106 patients), radiation therapy (19 patients), or chemoradiotherapy (41 patients). The overall 1-year and 3-year survival rates for all non-small cell lung cancer patients were 96.6±7% and 89.5±1.6%, respectively. The disease-free 1-year and 3-year survival rates were 91.8±1.0% and 77.0±2.1%, respectively. The 1-year and 3-year overall survival rates of 407 patients in pathological stage IA were 98.6±6% and 94.1±1.8%, respectively. The disease-free 1-year and 3-year survival rates were 97.5±8% and 89.7±2.2%, respectively. Two hundred and forty-two patients in pathological stage IB showed overall 1-year and 3-year survival rates of 94.3±1.5%, and 89.1±2.5%, respectively. The disease-free survival rates were 91.6±1.9% and 80.3±3.7% for 1 and 3 years, respectively. There were 117 cases where the pathological stage was stage II. Postoperative overall survival rates at 1 and 3 years were 96.2±1.9% and 79.2±6.5%, respectively. The disease-free survival rates at 1 year and 3 years were 81.4±3.9% and 61.9±6.6%. Fifty-five cases were in pathological stage III. Postoperative overall survival rates at 1 and 3 years were 94.2±3.3% and 83.1±7.2%, respectively. The disease-free survival rates at 1 and 3 years were 79.0±5.9% and 21.4±9.6%, respectively ([Fig. 1](#F1){ref-type="fig"}).

Among the 832 patients with non-small cell lung cancer, 769 patients were in clinical stage I, of which 122 (15.9%) showed increased pathological stage after surgery. The 1-year and 3-year overall survival rates of these patients were 95.7±1.9% and 82.5±5.0%, respectively. The 1-year and 3-year disease-free survival rates were 85.2±3.4% and 45.9±6.8%, respectively ([Fig. 2](#F2){ref-type="fig"}). The most common cause of the pathologic upstaging was pathological diagnosis showing local or mediastinal lymph node metastasis while no lymph node metastasis in the clinical stage. Sixty-four patients out of 813 showed a preoperative clinical stage of N0 and a postoperative stage of N1. Their 1-year and 3-year overall survival rates were 95.0±2.8% and 74.8±8.7%, respectively. The 1-year and 3-year disease-free survival rates were 83.6±5.0% and 53.8±9.3%, respectively. Forty-eight patients showed preoperative clinical stage N0 and postoperative pathological stage N2. Their 1-year and 3-year overall survival rates were 93.3±3% and 84.6±7.2%, respectively. The 1-year and 3-year disease-free survival rates were 81.0±6.1% and 21.4±9.7%, respectively ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

The application of VATS has been expanding from diseases such as benign pleural disease, lung disease, and mediastinal disease \[[@B3]\] to lung cancer and esophageal cancer \[[@B22]\]. The range of pulmonary resections has also been expanding, currently including pulmonary wedge resection, segmentectomy, lobectomy, bilobectomy, and even pneumectomy \[[@B1]\]. McKenna et al. \[[@B23]\] reported on the largest number of thoracoscopic lobectomy cases in a single institute. Their thoracoscopic indications were primary lung cancer, lymphoma, metastatic lung cancer, or benign pulmonary disease, which were similar to the author\'s indications.

A low number of postoperative complications and a low hospital mortality rate have been reported in various articles. Hospital mortality rate after thoracotomic lobectomy has been found to be similar to that of thoracoscopic lobectomy, whereas postoperative complications were less common in thoracoscopic lobectomy \[[@B4],[@B20],[@B24]\]. These results are similar to the results of our study in complication occurrence rate (14.0%, 162 cases) and hospital mortality rate (0.84%). Among postoperative complications, continuous air leakage was the most common. In order to minimize leakage, a stapler was used for isolation rather than electrocautery or blunt dissection when severe adhesion was present in the interlobar fissure. Then, denuded visceral pleura was covered with absorbable felt or applied with glue to reduce air leakage. There are numerous risk factors affecting hospital mortality. In this study, 5 out of the 9 patients who died in the clinic had diffuse interstitial lung disease. This implies that patients with diffuse interstitial lung disease must cautiously decide whether to undergo a lobectomy, which may compromise lung function after surgery. Since FEV1 levels are often normal based on pulmonary function testing, diffusing capacity (DLco) must be measured and operation should be avoided when DLco levels are low \[[@B25]\]. In addition, VATS is less painful than thoracotomy \[[@B26]\] and has a shorter hospitalization period.

There have been numerous reports regarding the fact that thoracoscopic lobectomy is not oncologically different from thoracotomic lobectomy. Rueth and Andrade \[[@B20]\] showed that there were no oncological differences between thoracoscopic and thoracotomic lobectomy by analyzing research articles about thoracoscopic lobectomy from 1994 to present \[[@B8],[@B17],[@B18]\]. Yan et al. \[[@B27]\] showed that the 5-year disease-free survival rate of thoracoscopic lobectomy was significantly higher than that of thoracotomic lobectomy (p=0.03).

Sugi et al. \[[@B17]\] and Watanabe et al. \[[@B28]\] showed that there was no difference in the number of collected lymph nodes, survival rate, and recurrence when comparing thoracoscopic mediastinal lymph node dissection and thoracotomic mediastinal lymph node dissection. Common causes for conversion from thoracoscopic surgery to thoracotomic surgery were hemorrhage in pulmonary artery branches and difficulty in detaching a calcified or fiberized lymph node. To reduce the conversion rate, preoperative CT should be analyzed thoroughly to check for the calcification or fibrosis of lymph nodes along with thickening.

On the other hand, there are different views about the feasibility of the thoracoscopic lobectomy for lung cancer. Opponents of insist that thoracoscopic lobectomy results in lower survival rate and higher relapse rate. Thoracoscopic lobectomy may result in more manipulation of the lung, causing cancer cells to disseminate through the pulmonary vein \[[@B13]\]. In addition, excisions with a stapler may leave cancer cells at the resection margin, mediastinal lymph node dissection may be insufficient, and cancer cells may be disseminated while removing the specimen out of the body \[[@B19]\]. In the author\'s institute, the pulmonary vein was detached before the pulmonary artery, if possible, the resection margin was checked first with the naked eye, and the resection margin went through a frozen section reading when there was a possibility of cancer cells remaining. Mediastinal lymph nodes were completely dissected in all cases. There has been no established definition of complete lymph node dissection. However, the authors defined complete lymph node dissection to mean where no lymph node or fatty tissue remained. To prevent damage to the nerves or thoracic duct, an ultrasonic cutter (Harmonic ACE™, Ethicon Endo-Surgery Inc., Cincinnati, OH) was used. When removing the specimen after lobectomy, the specimen was placed in a plastic bag to prevent dissemination of cancer cells.

The pathological stage I patients\' 3-year disease-free survival rate was 86.2±1.9%, whereas pathological stage II patients\' 3-year disease-free survival rate was 61.9±6.6%. However, it is too early to affirm that the postoperative relapse rate of stage I non-small cell lung cancer is low or that stages greater than II have greater postoperative relapse rates. In order to draw a more accurate conclusion on the relapse and survival rates of patients treated with thoracoscopic lobectomy for early non-small cell lung cancer, long-term follow-up observation is needed. In the previous articles, an analysis of the 5-year overall survival rate after thoracoscopic lobectomy for early stage non-small cell lung cancer was conducted, whereas most of the previous studies have not reported specifics about 5-year disease-free survival rates \[[@B15],[@B18],[@B20],[@B23]\]. Yamamoto et al. \[[@B29]\] recently reported the patients\' 5-year survival and disease-free survival rate and categorized them by each stage.

Some recent studies have focused on whether patients who are diagnosed with clinical stage I and end up with pathological stage II or worse after thoracoscopic lobectomy show lower survival and greater relapse rates than patients treated with thoracotomic lobectomy. In the present study, it was not possible to draw conclusions on this topic, since there were no comparisons made with thoracotomic lobectomy. However, according to the Kim et al\'s \[[@B30]\] results in the past 4 years, and reports by Watanabe et al. \[[@B28]\] over 9 years, there has been no difference in prognosis, and we have concluded that conversion to thoracotomic surgery is not necessary even if N2 lymph node metastasis is observed during surgery. In order to minimize pathologic upstaging, efforts to improve the accuracy of preoperative diagnosis are necessary.

The consistency of the research results from our clinic was maintained by using the same medical team to perform operations with identical indications and criteria (lymph node biopsy and mediastinal lymph node dissection under mediastinoscopy). Also, with a relatively abundant amount of data (1,067 cases), results such as low morbidity, low hospital mortality, and low conversion rate are acceptable.

In the future, the number of patients with early stage non-small cell lung cancer with an indication of thoracoscopic lobectomy will increase. As diagnostic techniques advance, the number of patients with early stage lung cancer is increasing, adenocarcinoma is becoming more common than squamous cell carcinoma. Adenocarcinoma is usually located peripherally, which facilitates a thoracoscopic approach. In addition, the number of female patients with the disease is increasing, in which the aesthetic benefits of thoracoscopic surgery are more preferable. As more thoracoscopic lobectomy experiences are documented in the future, thoracoscopic lobectomy could be applied to the patients in stage II lung cancer or patients with endobronchial cancer needing a sleeve lobectomy. But more prospective studies are necessary to recognize it as a feasible method of treatment.

Lastly, there are several limitations in this research. First, data was analyzed retrospectively and there were no comparisons made with thoracotomic lobectomy. Second, in spite of the fact that all operations were performed in a single institute with identical indications, it is possible that the surgeons performed thoracoscopic surgery in cases with better expected prognosis. Prospective randomized controlled trials in the future may produce more conclusive results. Finally, since the number of patients within a year increased more than 50% when compared with previous research \[[@B31]\], the overall follow-up observation period was short. Therefore, a longer follow-up observation period of thoracoscopic lobectomy for early stage non-small cell lung cancer would be necessary to verify long-term results.

CONCLUSION
==========

Based on our 6 years of experience, thoracoscopic lobectomy is a safe and useful method for treating various pulmonary diseases including early non-small cell lung cancer, without a high complication occurrence rate or hospital mortality rate. In addition, an excellent survival rate was observed in patients with early non-small cell lung cancer. However, depending on the stage of the disease, continued collection of data may be necessary to observe long-term results.

This article was presented at the 42^nd^. Annual meeting of Korean Society for Thoracic and Cardiovascular Surgery.
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Pathologic diagnoses of 1,067 patients who underwent VATS lobectomy
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^\*^=Sarcomatoid carcinoma, adenosquamous cell carcinoma, etc.; ^†^=Lymphoma, sarcoma etc.; TB=Tuberculosis; MDR-TB=Multi-drug resistant tuberculosis; NTM=Nontuberculous mycobacteria; CCAM=Congenital cystic adenomatoid malformation.
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Reasons for conversion to thoracotomy
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###### 

Postoperative complications
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^\*^=Of those, 58 patients required chemical pleurodesis; ^†^=Atrial fibrillation or sinus tachycardia; ^‡^=Needed bronchoscopic toileting or reintubation; ARDS=Acute respiratory distress syndrome; ALI=Acute lung injury; CVA=Cerebrovascular accident; BPF=Broncho-pleural fistula; ARF=Acute renal failure.
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Pathologic stages of the 832 patients who underwent VATS lobectomy for non-small-cell lung cancer (TNM staging system for lung cancer, 7^th^ Edition)
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The pattern of recurrence of the 832 patients who underwent VATS lobectomy for non-small-cell lung cancer according to pathologic stage
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